RESULTS:
The implementation of the model was associated with decreases in LOS index (P < 0.0001) and CMIadjusted VDC (P ¼ 0.0006). We did not detect improvements in readmission rates or patient satisfaction scores. Most providers (95.8%, n ¼ 92) agreed that the model had improved the quality and safety of the care delivered.
CONCLUSIONS:
Creating an environment and framework in which IPC is fostered, performance data are transparently available, and leadership is provided may improve value on both medical and surgical units. These interventions appear to be well accepted by front-line staff. Readmission rates and patient satisfaction remain challenging. Despite an estimated annual $2.6 trillion expenditure on healthcare, the United States performs poorly on indicators of health and harm during care. [1] [2] [3] Hospitals around the nation are working to improve the care they deliver. We describe a model developed at our institution and report the evaluation of the outcomes associated with its implementation on the general medical and surgical units. The Indiana University Institutional Review Board approved this work.
SETTING AND DEFINITIONS

Indiana University Health Methodist Hospital (MH)
is an academic center in Indianapolis, Indiana, serving over 30,000 patients annually. 4 In 2012, responding to the coexisting needs to improve quality and contain costs, the MH leadership team redesigned care in the hospital. The new model centers around accountable care teams (ACTs). Each ACT is a geographically defined set of providers accepting ownership for the clinical, service, and financial outcomes of their respective inpatient unit. The units studied are described in Table 1 .
THE ACT MODEL
The model comprises 8 interventions rooted in 3 foundational domains: (1) enhancing interprofessional collaboration (IPC), (2) enabling data-driven decisions, and (3) providing leadership. Each intervention is briefly described under its main focus (see Supporting Information, Appendix A, in the online version of this article for further details).
Enhancing IPC
Geographical Cohorting of Patients and Providers
Hospitalist providers are localized for 4 consecutive months to 1 unit. An interdisciplinary team including a case manager, clinical nurse specialist, pharmacist, nutritionist, and social worker also serve each unit. Learners (residents, pharmacy, and medical students) are embedded in the team when rotating on the hospital medicine service. The presence of unit-based nurse managers and charge nurses predates the model and is retained.
Bedside Collaborative Rounding
Geographically cohorted providers round on their patients with the bedside nurse guided by a customizable script.
Daily Huddle
The hospitalist, learners, and the interdisciplinary team for the unit meet each weekday to discuss patients' needs for a safe transition out of the hospital. Each unit determined the timing, location, and script for the huddle while retaining the focus on discharge planning (see Supporting Information, Appendix A2, in the online version of this article for a sample script).
Hospitalist and Specialty Comanagement Agreements
Guidelines delineating responsibilities for providers of each specialty were developed. Examples include orders pertaining to the management of a dialysis catheter in a patient with end-stage renal disease, the removal of drains in postsurgical patients, and wound care.
Unit White Board
Each unit has a white board at the nursing station. Similar to the huddle, it is focused on discharge planning.
Enabling Data-Driven Decisions
Monthly Review of Unit-Level Data
Data analytics at our institution developed a "data dashboard." Key metrics including length of stay (LOS), patient satisfaction scores, readmission rates, and costs are tracked and attributed to the discharging unit. The data are collated monthly by the ACT program director and distributed to each unit's leadership. Monthly interdisciplinary meetings are held to review trends. Learners are encouraged but not required to attend.
Weekly Patient Satisfaction Rounding
The unit's nurse manager and physician leader conduct weekly satisfaction rounds on patients. The conversation is open-ended and focused on eliciting positive and negative experiences.
Providing Leadership
Designated hospitalist and, where relevant, specialty leaders are committed to serve each unit for at least 1 year as a resource for both medical and operational problem solving. The leader stays closely connected with the unit's nurse manager. In addition to day-today troubleshooting, the leader is responsible for monitoring outcome trends. There is currently no stipend, training, or other incentive offered for the role.
Implementation Timelines and ACT Scores
The development of the ACTs started in the spring of 2012. Physician, nursing, and pharmacy support was sought, and a pilot unit was formed in August 2012. The model was cascaded hospital wide by December 2013, with support from the ACT program director (A.N.). The program director observed and scored the uptake of each intervention by each unit monthly. A score of 1 denoted no implementation, whereas 5 denoted complete implementation. The criteria for scoring are presented in Table 2 . The monthly scores for all 8 interventions in each of the 11 units were averaged as an overall ACT score, which reflects the implementation dose of the ACT model. Monthly domain scores for enhancing IPC and enabling datadriven decisions were also calculated as the average score within each domain. This yielded 3 domain scores. Figure 1A plots by month the overall ACT score for the medical and surgical units, and Figure  1B plots the implementation score for the 3 domains between August 2012 and December 2013 for all units. The uptake of the interventions varied between units. This allowed our analysis to explore the dose relationships between the model and outcomes independent of underlying time trends that may be affected by concomitant initiatives.
Outcomes
Monthly data between August 2012 and December 2013 were analyzed.
Measures of Value
MH is a member of the University Health Consortium, which measures outcomes of participants relative to their peers. MH measures LOS index as a ratio of observed LOS to expected LOS that is adjusted for severity of illness.
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Variable direct costs (VDCs) are costs that a hospital can save if a service is not provided. 6 A hospital's case-mix index (CMI) represents the average diagnosis-related group relative weight for that hospital. We track VDCs adjusted for CMI (CMI-adjusted VDC). 7 Thirty-day readmission rate is the percentage of cases that are readmitted to MH within 30 days of discharge from the index admission. 8 
Measures of Patient Satisfaction
The Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) survey covers topics relevant to a patient's experience in the hospital. 9 Patient satisfaction scores are tracked by responses to the HCAHPS survey.
Measures of Provider Satisfaction
Hospitalist and specialty providers, leadership, and case management teams were surveyed via email through SurveyMonkey in July 2014. The survey included Likert responses that elicited opinions and comments about the ACT model.
Statistical Methods
The primary predictor of interest was the monthly overall ACT score. We also explored the domain scores as well as the individual scores for each intervention. Generalized linear mixed models were fit to investigate the association between each predictor (overall ACT score, ACT domain scores, and individual implementation scores) and each outcome (LOS index, CMI-adjusted VDC, 30-day readmission rate, and overall patient satisfaction). The model for testing each ACT score also included covariates of inpatient units as a random effect, as well as date and type of unit as fixed effects. We set the statistical significance level at 0.01 and reported 99% confidence intervals.
Descriptive statistics were used to report the provider satisfaction survey results.
RESULTS
The overall ACT score was associated with LOS index and CMI-adjusted VDC (both P < 0.001). For every The maximum number of specialists on any unit is 3 (eg, cardiothoracic surgery, cardiology, and vascular surgery on the cardiovascular surgery unit).
z For general medical units, a score of 3 would be the next score possible after 1.
1-unit increase in the overall ACT score, LOS index decreased by 0.078 and CMI-adjusted VDC decreased by $273.99 (Table 3) . Looking at domains, enhancing IPC resulted in statistically significant decreases in both LOS index and CMI-adjusted VDC, but providing leadership and enabling data-driven decisions decreased only the LOS index. Most of the 8 individual interventions were associated with at least 1 of these 2 outcomes. (Even where the associations were not significant, they were all in the direction of decreasing LOS and cost). In these models, the covariate of type of units (medical vs surgical) was not associated with LOS or cost. There was no significant time trend in LOS or cost, except in models where an intervention had no association with either outcome. Inclusion of all individual effective interventions in the same statistical model to assess their relative contributions was not possible because they were highly correlated (correlations 0.45-0.89). Thirty-day readmissions and patient satisfaction were not significantly associated with the overall ACT score, but exploratory analyses showed that patient satisfaction increased with the implementation of geographical cohorting (P ¼ 0.007).
Survey Results
The response rate was 87% (96/110). Between 85% and 96% of respondents either agreed or strongly agreed that the ACT model had improved the quality and safety of the care delivered, improved communication between providers and patients, and improved their own engagement and job satisfaction. Overall, 78% of the respondents either agreed or strongly agreed that the model improved efficiency (Table 4) . Suggestions for improvements revolved around increasing the emphasis on patient centeredness and bedside nursing engagement.
DISCUSSION
The serious problems in US healthcare constitute an urgent imperative to innovate and reform. 10 Inpatient care reflects 31% of the expenditure on healthcare, and in 2010, 35.1 million patients were discharged from the hospital after spending an average of 4.8 days as an inpatient. 11 These figures represent an immense opportunity to intervene. Measuring the impact of quality improvement efforts is often complicated by concomitant changes that affect outcomes over the interval studied. Our approach allowed us to detect statistically significant changes in LOS index and CMI-adjusted VDC associated with the ACT implementation dose that could be separated from the underlying time trends.
The ACT model we describe is rooted in improving 3 foundational domains; quantifying each intervention's compartmentalized contribution, however, proved difficult. Each intervention intertwines with the others to create changes in attitudes, knowledge, and culture that are difficult to measure yet may synergistically affect outcomes. For example, although geographical cohorting appears to have the strongest statistical association with outcomes, this may be mediated by how it enables other processes to take place more effectively. Based on this analysis, therefore, the ACT model may best be considered a bundled intervention.
The team caring for a patient during hospitalization is so complex that fewer than a quarter of patients know their physician's or nurse's name. 12 This complexity impairs communication between patients and providers and between the providers themselves. Communication failures are consistently identified as root causes in sentinel events reported to the Joint Commission. 13 IPC is "the process by which different professional groups work together to positively impact health care." IPC overlaps with communication, coordination, and teamwork, and improvements in IPC may improve care.
14 Some elements of the model we describe have been tested previously. [15] [16] [17] Localization of teams may increase productivity and the frequency with which physicians and nurses communicate. Localization also decreases the number of pages received and steps walked by providers during a workday. [15] [16] [17] However, these studies reported a trend toward an increase in the LOS and neutral effects on cost and readmission rates. We found statistically significant decreases in both LOS and cost associated with the geographic cohorting of patients and providers. Notably, our model localized not only the physician providers but also the interdisciplinary team of pharmacists, clinical nurse specialists, case managers, and social workers. This proximity may facilitate IPC between all members that culminates in improved efficiency. The possibility of delays in discharges to avoid new admissions in a geographically structured team has previously been raised to explain the associated increases in LOS. 16, 17 The accountability of each unit for its metrics, the communication between nursing and physicians, and the timely availability of the unit's performance data aligns everyone toward a shared goal and provides some protection from an unintended consequence.
Structured interdisciplinary rounds decrease adverse events and improve teamwork ratings. 18, 19 The huddle in our model is a forum to collaborate between disciplines that proved to be effective in decreasing LOS and costs. Our huddle aims to discuss all the patients on the unit. This allows the team to assist each other in problem solving for the entire unit and not just the patients on the geographically cohorted team. This approach, in addition to the improved IPC fostered by the ACT model, may help explain how benefits in LOS and costs permeated across all 11 diverse units despite the presence of patients who are not directly served by the geographically cohorted team. High-performing clinical systems maintain an awareness of their overarching mission and unit-based leaders can influence the frontline by reiterating the organizational mission and aligning efforts with outcomes. 20 Our leadership model is similar to those described by other institutions in the strong partnerships between physicians and nursing. 21 As outlined by Kim et al., investing in the professional development of the unit leaders may help them fulfill their roles and serve the organization better. 21 The fragmentation and lack of ownership over the continuum of patient care causes duplication and waste. The proposal in the Accountable Care Act to create accountable care organizations is rooted in the understanding that providers and organizations will seek out new ways of improving quality when held accountable for their outcomes. 22 To foster ownership and accountability, reporting of metrics at the unit level is needed. Furthermore, an informational infrastructure is critical, as improvements cannot occur without the availability of data to both monitor performance and measure the effect of interventions. 10, 23 Even without any other interventions, providing feedback alone is an effective way of changing practices. 24 According to Berwick et al., this phenomenon reflects practitioners' intrinsic motivation to "simply want to be better." 25 Our monthly review of each unit's data is an effective way to provide timely feedback to the frontline that sparks pride, ownership, and innovative thinking.
Based on our mean ACT score and CMI-adjusted VDC reductions alone, we estimate savings of $649.36 per hospitalization (mean increase in ACT implementation of 2.37 times reduction in cost index of $273.99 per unit increase in overall ACT score). This figure does not include savings realized through reductions in LOS. This is a small decrease relative to the mean cost of hospitalization, yet when compounded over the annual MH census, it would result in substantial savings. The model relied on the restructuring of the existing workforce and the only direct additional cost was the early salary support for the ACT program director.
Limitations
We recognize several limitations. It is a single center's experience and may not be generalizable. The diffusion of knowledge and culture carried between units and the relatively rapid implementation timeline did not allow for a control unit. A single observer assigned our implementation scores, and therefore we cannot report measures of inter-rater reliability. However, defined criteria and direct observations were used wherever possible. Although administratively available data have their limitations, where available, we used measurements that are adjusted for severity of illness and CMI. We therefore feel that this dataset is an accurate representation of currently reported national quality indicators.
FURTHER DIRECTIONS
Although there is a need to improve our healthcare system, interventions should be deliberate and evidence based wherever possible. 26 Geographic cohorting may decrease the frequency of paging interruptions for physicians and practitioners while increasing face-toface interruptions. 27 The net effect on safety with this trade-off should be investigated.
The presence of an intervention does not guarantee its success. Despite geographic cohorting and interdisciplinary meetings, communication that influences physician decision making may not improve. 28 Although instruments to measure ratings of team work and collaboration are available, focusing on clinically relevant outcomes of teamwork, such as prevention of harm, may be more empowering feedback for the frontline. Formal cost-benefit analyses and outcomes related to physician and nursing retention will be equally important for assessing the sustainability of the model. Involving patients and their caregivers and inviting their perspectives as care is redesigned will also be critical in maintaining patient centeredness. Research addressing interventions to mediate preventable readmission risk and understanding the drivers of patient satisfaction is also needed.
The true value of the model may be in its potential to monitor and drive change within itself. Continuously aligning aims, incentives, performance measures, and feedback will help support this innovation and drive. This affects not only patient care but creates microcosms within which research and education can thrive. We hope that our experience will help guide other institutions as we all strive in our journey to improve the care we deliver.
